BACKGROUND Low cardiovascular risk factor burdens in middle age are associated with lower health care costs in later life. However, there are few data regarding the effect of cardiorespiratory fitness on health care costs independent of these risk factors.
Cardiorespiratory fitness is an objective measure of habitual physical activity and has been shown to be a risk factor for morbidity and mortality (4) . Existing reports have examined the effects of fitness and physical activity on health care use and costs in the short term (5) (6) (7) . Both cardiovascular risk factors (8) and an elevated body mass index (BMI) (9) in middle age are associated with increased health care costs in later life, suggesting that risk factor shifts in middle age could have implications for health care costs decades later.
Because of the strong, independent association between fitness and long-term risk for both cardiovascular and noncardiovascular illnesses (4), we hypothesized that higher fitness levels in midlife would be associated with a lower burden of health care costs in later life. To test this hypothesis, we merged indi- The study cohort initially consisted of 32 MEASUREMENTS. Because of its objective nature and availability of data over decades in the CCLS, fitness was chosen as the primary explanatory risk factor.
Cardiorespiratory fitness levels were estimated from the maximal time on a treadmill test using the modified Balke protocol (12) . The test was terminated by volitional exhaustion reported by the participant or by the physician for medical reasons. The time on the treadmill with this protocol is highly correlated (r ¼ 0.92) with measured maximal oxygen uptake in both men and women. Maximal metabolic equivalents (METs) (1 MET ¼ 3.5 ml O 2 $kg -1 $min -1 ) were estimated by regression from the final treadmill speed and grade (13) .
In accordance with standard approaches to the analysis of fitness data, the CCLS has historically compared treadmill times with age-and sex-specific normative data on treadmill performance so that each participant can be classified into age-and sexspecific quintiles of fitness (Online Table 1 ). These quintiles were then combined into 3 mutually exclusive fitness groupings: "low fit": quintile 1 (Q1); "moderate fit": quintiles 2 to 3 (Q2 to Q3); and "high fit": quintiles 4 to 5 (Q4 to Q5). Due to their historical use in multiple CCLS papers, the MET cutpoints for the entire CCLS (Online Table 1 ) were applied to the cohort in this study (11, 14) . Although no uniform consensus for the precise range of low fitness exists, in previous work, the low-fit category was the most highly associated with increased morbidity and mortality (15) . The measurements of other baseline variables in the CCLS have been well-described and were obtained in accordance with standard protocols (11) . We used actual amounts paid by Medicare and third-party insurance, in addition to the amounts for which patients were liable as a proxy for health care costs, consistent with other analyses using these data sets (16) . Health care costs were also cumulated for individual diagnoses by primary claim ICD-9 codes. (17) . Median (50th) as well as 75th and 90th percentiles of annual health care costs were modeled using quantile regression. Quantile regression is wellsuited for the analysis of economic outcomes because it allows for evaluation of variables with unequal dependence across the distribution of responses, and the 50th, 75th, and 90th percentiles are standard for modeling health care cost data (18) . All models were stratified by sex and adjusted for average age during Medicare follow-up and age at the initial fitness examination; fitness was entered as a continuous variable. Additional models were adjusted for smoking status (current vs. nonsmoker), diabetes (yes/no), 
RESULTS
Participant characteristics for 15,524 men and 4,047 women are shown in Table 1 (also see Online Table 2 ).
The cohort had an average of 6. Table 2 ). The age of enrollment was also younger in the low-fitness groups, although this difference was due to the application of historical fitness group MET cutpoints to the study cohort, and the age at enrollment was similar among fitness groups when quintile cutpoints specific to this cohort were applied (Online Table 3 ).
All-cause and CVD mortality rates were higher in lower fitness strata. Participants with high midlife
fitness had significantly lower average annual health care costs during Medicare coverage (Figure 1) . Similarly, health care use patterns were highest among Average annual health care costs, adjusted for inflation and stratified by midlife fitness level, were plotted by each year of age. The number of observed participants for each year and fitness level is also reported. Abbreviations as in Table 1 .
Bachmann et al. Abbreviations as in Table 1 . GLM ¼ generalized linear model; other abbreviations as in Table 1 . Cardiorespiratory fitness is favorably associated with CVD risk factors and is itself an independent risk factor for coronary heart disease (22, 23) . Previous work has established that cardiovascular risk factors, including BMI, are associated with increased health care costs in older age (8, 9, 24) . This was the first study to evaluate the effect of cardiorespiratory fitness on health care costs over the long term. Our cohort was extensively characterized at midlife, allowing adjustment for cardiovascular risk factors.
To our knowledge, this is the first study to utilize Medicare standard analytical files to evaluate the association of fitness with health care costs. These data allowed for a full accounting of amounts paid by Medicare, amounts paid by third-party insurance, and the amounts for which patients were responsible.
Although the Medicare standard analytical files are administrative claims, rather than adjudicated clinical data, they have been shown to be a reliable source of clinical outcomes and costs (24, 25) .
Previous work in managed care settings has suggested an association between physical activity and decreased health care costs (6, 7, (26) (27) (28) . However, this previous work and most large, population-based studies have relied upon self-reported physical activity. The accuracy of self-reported physical activity and its relationship with fitness is controversial.
Some studies suggest that self-reported activity has reasonable construct-related validity (29) , whereas other studies have found differential accuracy by educational level and BMI (30) (31) (32) . In our study, the number of METs achieved in midlife represented an objective measure of cardiorespiratory fitness.
Two previous studies have indicated that objec- Our results suggest a potential financial benefit to participants and to health care systems that incorporate promotion of healthy lifestyles, including physical activity. The adoption of daily, habitual physical activity can result in a meaningful increase in cardiorespiratory fitness level (37) . Fitness may also be increased through exercise training programs of various intensities (38) . As such, cardiorespiratory fitness represents both an objective measure of physical activity and an important modifiable risk factor that is amenable to evidence-based interventions (39) . Translating these results to health policy will require further understanding of the eco- 
